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Abstract
We consider conformal defect solutions in four dimensional N = 2 gauged super-
gravity. These solutions are constructed as a warped product of AdS2 × S1 over an
interval with non-trivial electric and magnetic fields. We show for minimal gauged
supergravity and for gauged supergravity with vector multiplets and abelian gauging
that supersymmetric defect solutions are only possible when the geometry has a conical
defect in either the bulk or the boundary metric.
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1 Introduction
In many cases, conformal field theories contain not only local operators, but also extended
objects or defects as well. Examples include Wilson lines [1, 2] or surface defects [3, 4] in
N = 4 SYM theories, surface defects in six-dimensional (0, 2) theories [5], and conformal
defects in two dimensional CFTs [6, 7]. For conformal theories with holographic duals,
the extended objects can often be described in the gravitational theory. A special class of
defects that preserve some (super)conformal symmetry on the world-volume of the defect
are called (super)conformal. The so called Janus-ansatz [8] for a p-dimensional defect in a
higher dimensional spacetime contains an AdSp+1 fiber whose isometry group realizes the
conformal symmetry of the defect. Additional symmetries, such as rotational invariance in
the directions transverse to the defect or unbroken R-symmetries, can be realized by including
spheres in the ansatz. Unbroken superconformal symmetry implies the presence of Killing
spinors or unbroken supersymmetries in the supergravity ansatz making the construction of
exact solutions possible (see e.g. [9, 10, 11, 12, 13]).
Four dimensional AdS gravitational theories with gauge fields and scalars have been
used to model many strongly coupled three dimensional condensed matter systems including
superfluids and superconductors, see e.g. [14, 15, 16]. A simple model for strongly coupled
three dimensional CFTs is four dimensional AdS Einstein-Maxwell theory. The presence of
a gauge fields allows the construction of charged defect solutions which on the CFT side
correspond to turning on a position dependent chemical potential for the charge dual to the
gauge field. Such solutions were constructed in [17] and for general forms of the chemical
potential, it was found that the solutions break conformal invariance. However, for a special
choice of the gauge field there is the possibility to preserve a SO(2, 1)× SO(2) subgroup of
the three dimensional conformal group SO(3, 2) and such a solution is of the Janus type.
The goal of the present paper is to construct four dimensional conformal defect solutions
in gauged N = 2 supergravity. In section 2, we embed the solutions [17] into minimal N = 2
gauged supergravity [18] and generalize the solution to have both non-trivial electric and
magnetic fields. In section 3, we analyze the BPS conditions for the conformal defect solutions
and show that for the conformal defect solutions there is a clash between supersymmetry
and the regularity of the geometry. We show that the solution breaks supersymmetry if
we demand that there is no conical defect singularity present in the bulk metric and the
boundary metric. Four dimensional gauged supergravity can be coupled to vector and hyper
matter multiplets. In section 4, we consider coupling gauged N = 2 supergravity to vector
multiplets [19]. For abelian gaugings, we show that supersymmetry forces the scalars to
be constant. In section 5, we discuss open questions and directions for future work. We
present our Clifford algebra conventions and basis for AdS2 Killing spinors in Appendix A.
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In Appendix B, we present some details for the calculations in section 3. In Appendix C,
we prove that a more general ansatz for a conformal defect starting with an AdS2 factor
warped over a two dimensional Riemann surface Σ with boundary reduces to the ansatz
used above, i.e. supersymmetry implies the presence of an additional U(1) isometry and
hence the spacetime reduces to AdS2 × S1 warped over one spatial coordinate. This result
is in line with classification theorems found in [20, 21].
2 Dyonic Conformal Defect Solution
The action for Einstein-Maxwell theory with negative cosmological constant is given by
S =
∫
d4x
√−g
(1
4
R− 1
4
FµνF
µν +
3
2
1
L2
)
(2.1)
with the equations of motion take the following form
Rµν − 2(FµρFνρ − 14gµνFρσF ρσ) +
3
L2
gµν = 0
∂µ(
√−gF µν) = 0 (2.2)
The conformal defect solution in the boundary CFT exhibits an SO(2, 1)× SO(2) isometry
which can be realized by taking an AdS2 × S1 space warped over a radial coordinate. We
construct the most general solution which is asymptotically AdS4 and has nonzero electric
and magnetic components in the field strength Fµν .
ds2 =
L2
λ2(1− y2)2
[
ρ2
−dt2 + dη2
η2
+ y2f(y)dφ2 +
4λ2dy2
f(y)
]
(2.3)
A =
Lα
η
dt+ Lλβy2dφ (2.4)
f(y) = 3− 3y2 + y4 − λ
2
ρ2
(1− y2)2 + λ
4
ρ4
(α2 + β2ρ4)(1− y2)3 (2.5)
This solution is that of the analytically continued Reissner-Nordstro¨m black hole [20]
ds2 = ψ2
(
A0r
2dv2 + 2dvdr
)
+
dψ2
P (ψ)
+ P (ψ)dφ2
F = a dr ∧ dv + bψ−2dψ ∧ dφ
(2.6)
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with P (ψ) = A0 − c(2ψ)−1 − (a2 + b2)ψ−2 − Λψ2/3 under the identifications
A0 = −ρ−2
c = −2 (λ
2 − ρ2 + λ4(α2ρ−2 + β2ρ2))
λ3ρ2
a = αρ−2
b = β
(2.7)
for ψ−1 = λ(1 − y2) and L = 1. The condition that at y = 0 the space closes off smoothly
without a conical deficit, imposes a condition on the four parameters α, β, ρ and λ.
λ4
ρ4
(
α2 + β2ρ4
)
= 2λ+
λ2
ρ2
− 3 (2.8)
With this condition imposed the function f only depends on ρ and λ
f(y) = 3− 3y2 + y4 − λ
2
ρ2
(1− y2)2 +
(
2λ+
λ2
ρ2
− 3
)
(1− y2)3 (2.9)
In general, there is an allowed parameter range for ρ and λ outside of which the function
f(y) develops a zero in the range [0, 1] and the solution becomes singular. For example, the
allowed parameter range for λ is given by 1 ≤ λ . 4.43 for ρ2 = 1. The choice λ = ρ = 1
corresponds to the AdS4 vacuum with vanishing electromagnetic fields in an AdS2 × S1
slicing. As we shall see in the next section, solutions with ρ2 6= 1 correspond to boundary
spaces with a conical defect.
2.1 Holography
The conformal boundary of the metric (2.3) is located at y = 1, but the metric is not in
Fefferman-Graham (FG) form. However, it is straightforward to construct a FG coordinate
z near the boundary as a power series solution to
dz
z
=
−2dy
(1− y2)√f(y) (2.10)
This equation can be solved perturbatively to yield
y = 1− z − z
2
2
+
2λ2 − ρ2
2ρ2
z3 − 32λ
4(α2 + β2ρ4) + 8λ2ρ2 − 17ρ4
24ρ4
z4 + o(z5) (2.11)
and the metric (2.3) becomes
4
ds2 = L2
dz2
z2
+
L2
z2
(
g
(0)
ij + z
2g
(2)
ij + z
3g
(3)
ij
)
dxidxj + o(z4) (2.12)
with
g
(0)
ij dx
idxj =
1
4λ2
(
ρ2
−dt2 + dη2
η2
+ dφ2
)
g
(2)
ij dx
idxj =
1
2
(−dt2 + dη2
η2
− dφ
2
ρ2
)
g
(3)
ij dx
idxj =
2(λ4(α2 + β2ρ4) + λ2ρ2 − ρ4)
3λ2ρ2
(dt2 − dη2
η2
+
2
ρ2
dφ2
)
(2.13)
Following the standard holographic dictionary, g(0) is the metric of the AdS2×S1 boundary,
and g(2) is determined by g(0). Note that for ρ2 6= 1 the boundary is conformal to R1,2
with a conical defect at η = 0. The next term in the FG expansion g(3) determines the
expectation values of the stress tensor. Since we have an odd dimensional boundary, there
is no conformal anomaly and
〈Tij〉 = 3
16piGN
g
(3)
ij (2.14)
Note that the stress tensor is indeed traceless in agreement with conformal symmetry. The
near boundary behavior of the gauge field in FG coordinates is given by
A =
Lα
η
dt+ Lλβ(1− 2z)dφ+ o(z2) (2.15)
The standard holographic dictionary for a gauge fields identifies the z0 term as a source
and the z1 term as an expectation value of the dual current jµ in the CFT. As discussed
in [17], the first term in (2.15) can be interpreted as a chemical potential for the current.
After a conformal transformation from AdS2 × S1 to R1,2, it takes the form µ(r) = Laλ/r.
This corresponds to a point charge defect localized at the origin r = 0. The second term
in (2.15) can be interpreted as a source and expectation value of jφ [22, 23, 24, 25]. As
in [17], the entanglement entropy of the defect can be analyzed using the Ryu-Takayanagi
prescription [26]. Extremal surfaces centered on the defect at η = 0 are given by η = η0.
The entanglement entropy of a region defined by η ≤ η0 is given by
S =
1
4GN
∫
dφdy
√
gφφgyy =
piL2
λGN
∫ yΛ
0
dy
y
(1− y2)2 (2.16)
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with yΛ ∼ 1 a UV cutoff. Note, the entanglement entropy S does not depend on η. We can
study the entanglement entropy of the defect alone by considering the quantity
∆S = S(λ)− S(1) (2.17)
Matching the circumference of circles near the asymptotic boundary requires λ(1 − y˜2Λ) =
1− y2Λ and leads to a defect entanglement entropy of
∆S =
piL2
2GN
(
1− 1
λ
)
(2.18)
3 Minimal Gauged Supergravity
The field content of minimal N = 2, D = 4 gauged supergravity consists of a graviton gµν ,
a pair of Majorana gravitini (ψ1µ, ψ
2
µ), and a photon Aµ. The Einstein-Maxwell action (2.1)
is the action of the purely bosonic sector. The full action includes the additional fermionic
terms
1√−g (Lψ + Lint) = −
1
2
ψ¯µγ
µνρDνψρ − i
8
(
F + Fˆ
)µν
ψ¯ργ[µγ
ρσγν]ψσ +
1
2L
ψ¯µγ
µνψν (3.19)
with gauge covariant derivative Dµ = ∂µ + 14ωabµ γab − iLAµ. In the above, the gravitini have
been combined into a Dirac spinor ψµ = ψ
1
µ + iψ
2
µ with charge e = 1/L and Fˆµν is defined
by Fˆµν = Fµν − Im(ψ¯µψν). For classical solutions, ψµ = 0 and the condition for unbroken
supersymmetry of the background is the vanishing of the gravitino supersymmetry variation
δψµ = ∇ˆµ =
(
∂µ +
1
4
ωµ
abγab − iLAµ + 12Lγµ + i4Fabγabγµ
)
 = 0 (3.20)
Given the AdS2 isometry, we decompose the Killing spinors as a tensor product
 =
∑
k,κ
ψ
(κ)
k (t, η)⊗ χ(κ)k (y, φ) (3.21)
where ψ
(κ)
k satisfies the AdS2 Killing spinor equation(
∂µˆ +
1
4
ωˆaˆbˆµˆ γ˜aˆbˆ +
κ
2
γ˜µˆ
)
ψ
(κ)
k = 0 (3.22)
with hatted indices denoting AdS2 directions. Integrability requires κ
2 = 1 and for each κ
there are two linearly independent solutions labelled by k. A Clifford algebra basis adapted
to this decomposition and the explicit form of ψ±k in this basis can be found in Appendix
A. Multiplying the AdS2 Killing spinor equation by the chirality matrix γ˜∗ shows we can
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choose ψ±k to satisfy γ˜∗ψ
±
k = ψ
∓
k which will be needed in the reduction. The reduction gives
identical and decoupled equations for k = 1, 2 so any solution is automatically 1/2 BPS. In
what follows, we drop the subscript k.
Applying the reduction to the following combination of BPS variations
δψt − γ01δψη = −iα
η
 (3.23)
shows that α = 0 and only a purely magnetic solution can be supersymmetric. The AdS2
components of the BPS equation (3.20) gives[(
1
2
∓ λ(1− y
2)
2ρ
)
− λ(1− y
2)2
4Ly
A′φσ2
]
χ± = −
√
f
4ρ
(1− y2)2 d
dy
(
ρ
1− y2
)
σ3χ
∓ (3.24)
which requires χ± ∝ |±〉y modulo the discrete symmetry λ → −λ and χ± → σ3χ±. We
therefore choose χ± = h±(y)einφ/2 |±〉y with n ∈ Z. The φ and y components give the
algebraic and differential equations(
n
2
− 1
L
Aφ ∓
√
f(1− y2)
4λ
d
dy
(
y
√
f
1− y2
))
h± =
(
−
√
f(1− y2)
4L
A′φ ±
y
√
f
2λ(1− y2)
)
h∓
dh±
dy
=
(
− 1√
f(1− y2) ±
λ(1− y2)
2Ly
√
f
A′φ
)
h∓
(3.25)
These equations are solved by
h2+ + h
2
− =
ρ
1− y2
h2+ − h2− = λ+
1
2
ρλ
(
n− ρ−1) (1− y2) (3.26)
subject to the conditions
λ = 2(n+ ρ−1)−1
4β = n2 − ρ−2 (3.27)
Thus we have a family of supersymmetric solutions labelled by the parameters n, ρ. The
conditions of no conical defect in the bulk (2.8)
λ4β2 = 2λ+
λ2
ρ2
− 3
and no conical defect in the boundary (2.13)
ρ2 = 1
are mutually incompatible with the constraints from supersymmetry (3.27) with the excep-
tion of vacuum AdS4 with λ = ρ = n = 1 and β = 0. Thus a non-trivial supersymmetric
solution must either have a conical defect in the bulk at y = 0 or in the boundary at η = 0.
7
4 Charged Supersymmetric Defects with Vector
Multiplets
In this section, we generalize the construction of magnetically charged defect solutions in
gauged supergravity to the case where vector multiplets are present. We first present our
conventions for N = 2, D = 4 gauged supergravity with vector multiplets following [21].
4.1 N = 2, D = 4 Gauged Supergravity with Vector Multiplets
In addition to the previous field content, we now have complex scalars zα, Dirac fermions λα,
and vectorsAαµ with α = 1, . . . , nV, where nV is the number of vector multiplets. Supergravity
theories with this matter content can be specified using the techniques of special geometry.
It is convenient to introduce a new index I = 0, 1, . . . , nV and label the vectors as A
I
µ with
I = 0 the graviphoton. The complex scalars zα will parameterize a special Ka¨hler manifold
V =
(
XI
FI
)
(4.1)
with covariantly holomorphic sections Dα¯V = ∂α¯V − 12 (∂α¯K)V = 0.
The redundancy from introducing an additional coordinate X0 is eliminated using the
symplectic constraint 〈V ,V〉 = XIF¯I − FIX¯I = i (4.2)
Using a symplectic transformation, the section of the symplectic bundle can be brought into
the form
V = eK(z,z¯)/2
(
ZI(z)
∂IF (Z)
)
= eK(z,z¯)/2v(z) (4.3)
with F (Z) a homogeneous function of degree two called the prepotential. These two equa-
tions imply
e−K(z,z¯) = −i 〈v, v¯〉 (4.4)
The supergravity theory is fully specified by the prepotential F (Z) and a choice of the
gauging of the SU(2) R-symmetry. We will choose the U(1) Fayet-Iliopoulos gauging and
the gravitino charges will be denoted by gI . The bosonic action of the theory is
e−1LB = 1
2
R +
1
4
(Im N )IJF IµνF Jµν −
1
8
(Re N )IJe−1µνρσF IµνF Jρσ − gαβ¯∂µzα∂µz¯β¯ − V (4.5)
with scalar potential
V = −2gIgJ
[
(Im N )−1|IJ + 8X¯IXJ] (4.6)
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The kinetic matrix NIJ is defined by
FI = NIJXJ Dα¯F¯I = NIJDα¯X¯J (4.7)
and the Ka¨hler metric is given by the expression gαβ¯ = ∂α∂β¯K.
The supersymmetry variations of the gravitino ψµ are
δψµ = ∇ˆµ =
[
∂µ +
1
4
ωabµ γab +
i
2
Qµγ5 + igIA
I
µ + gIγµ
(
Im(XI) + iγ5Re(X
I)
)
+
i
4
γab
(
Im(F−Iab X
J)− iγ5Re(F−Iab XJ)
)
(Im N )IJ γµ
]

(4.8)
and that of the gauginos λα are
δλα =
[ i
2
eK/2(Im N )IJγab
(
Im(F−Jab Dβ¯Z¯Igαβ¯)− iγ5Re(F−Jab Dβ¯Z¯Igαβ¯)
)
+
γµ∂µ (Re(z
α)− iγ5Im(zα)) + 2eK/2gI
(
Im(Dβ¯Z¯Igαβ¯)− iγ5Re(Dβ¯Z¯Igαβ¯)
) ]

(4.9)
where  is a Dirac spinor. The Ka¨hler connection
Qµ = − i
2
(∂αK∂µzα − ∂α¯K∂µz¯α¯) (4.10)
appears in the supersymmetry transformations.
4.2 Integrability Conditions
After incorporating the additional matter content and maintaining the SO(2, 1) × SO(2)
symmetry, our ansatz takes the form
ds2 =
L2
λ2(1− y2)2
[
ρ(y)2
(−dt2 + dη2
η2
)
+ y2f(y)dφ2 +
4λ2
f(y)
dy2
]
AI = AIφ(y) dφ z
α = zα(y)
(4.11)
By studying the integrability conditions, we can show that ρ2 is constant. The equations of
motion will then imply that the scalars zα are also constant. The gauge field equations of
motion are solved by
(ImN )IJ
dAJφ
dy
= q˜I
y
λρ2
(4.12)
Using this relation and explicitly computing the integrability equations [∇ˆµ, ∇ˆν ] = 0 gives
projection conditions of the form
γ01[∇ˆt, ∇ˆη] = (A0 + A2γ2 + A23γ23 + A013γ013)  = 0
γ02[∇ˆt, ∇ˆφ] = (B0 +B2γ2 +B01γ01 +B23γ23 +B013γ013)  = 0
γ03[∇ˆt, ∇ˆy] = (C0 + C2γ2 + C3γ3 + C01γ01 + C23γ23 + C012γ012 + C013γ013)  = 0
γ23[∇ˆφ, ∇ˆy] = (D0 +D2γ2 +D3γ3 +D01γ01 +D23γ23 +D012γ012 +D013γ013)  = 0
(4.13)
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The explicit expressions for these coefficients can be found in the appendix. The integrability
conditions arising from the combinations (η, φ) and (η, y) are equivalent to those arising from
(t, φ) and (t, y). Due to the AdS2 isometry, our ansatz will automatically be 1/2 BPS if it
is supersymmetric. This can be seen from the Killing spinor decomposition of a previous
section. We can thus impose at most one projection condition. The tensor structure that
appears in all four projection conditions is the one in the first line of (4.13).
Taking a linear combination of the first two lines of (4.13) gives(
B˜1 + B˜01γ01
)
 = 0 (4.14)
and in order for this to not impose any additional projections, we must require B˜1 = B˜01 = 0.
B˜01 ∼ Re(gIXI)Im(q˜IXI)−Re(q˜IXI)Im(gIXI) = 0 also implies C01 = D01 = 0. Finally, tak-
ing a linear combination of the last two lines of (4.13) gives a projection condition involving
the additional tensor structure
∼ fρρ′ (Im(gIXI)γ3 + Re(gIXI)γ012)  (4.15)
relative to the first line of (4.13). By the same reasoning, this must vanish and in order to
not impose any additional constraints on , ρ′ = 0. The Einstein field equations are given by
Eµν = Rµν + (Im N )IJ
(
F Iαµ F
J
να −
1
4
gµνF
I
αβF
Jαβ
)
− 2gαβ¯∂µzα∂ν z¯β¯ − V gµν = 0 (4.16)
Forming a linear combination to isolate the scalar kinetic terms gives
0 =
4(1− y2)2λ2
yf 2
Eφφ − y(1− y2)2f 2Eyy = 2y(1− y2)2f 2gαβ¯
dz
dy
αdz¯
dy
β¯
(4.17)
Since gαβ¯ is invertible, each term in the sum must vanish individually and all the scalars are
constant.
4.3 General Model Reduction
From the previous section, the scalars zα are constant and by a field redefinition we can
choose zα = z¯α. Furthermore, we can choose a parameterization with Re(XI) = 0. The
gravitino variation becomes
δψµ =
(
∂µ +
1
4
ωabµ γab + igIA
I
µ − igIXIγµ −
λ(1− y2)2
4L2y
Fγ23γµ
)
 (4.18)
where
F = (Im N )IJ
dAIφ
dy
XJ (4.19)
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and the gaugino variation becomes
δλα =
(
λ(1− y2)2
2L2y
(Im N )IJDβXI
dAJφ
dy
gαβγ23 + 2igIDβXIgαβ
)
 (4.20)
In this case, the gravitino BPS equations become identical to that of the pure gauged super-
gravity if we make the identifications
− 1
L
Aφ ↔ gIAIφ,
1
2L
↔ −igIXI , A′φ ↔ −iF (4.21)
The reduction of the gaugino variation (4.20) leads to the pair of equations
gIDβXI = q˜IDβXI = 0 (4.22)
This relation will give us constraints between the gauge couplings gI and the “charges” q˜I
of the defect.
4.4 F = −iZ0Z1
We now specialize to the model with prepotential
F (ZI) = −iZ0Z1 (4.23)
and parameterization
Z0 = i Z1 = iτ (4.24)
The data of the supergravity theory can be calculated from the special geometry to obtain
K = − log (2(τ + τ¯))
N = −i
(
τ 0
0 1
τ
)
V = − 4
τ + τ¯
(
g20 + 2g0g1(τ + τ¯) + g
2
1τ τ¯
) (4.25)
for the Kahler potential, kinetic matrix, and scalar potential respectively. For simplicity, we
will assume g0, g1 > 0. The scalar potential V has an AdS vacuum with τ = τ¯ = g0/g1 and
radius of curvature L = 1/
√
4g0g1. The gaugino BPS equations (4.22) imply
τ =
g0
g1
=
q˜0
q˜1
(4.26)
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This condition is equivalent to the vanishing of B˜01 from the integrability conditions. The
expressions for h±, f , and λ are identical, while the gauge fields AIφ are given by
AIφ = −
1
4gI
(n− ρ−1)y2 (4.27)
Note that gIA
I
φ = −12(n − ρ−1)y2 as in the minimal gauged supergravity modulo a minus
sign, which is conventional.
5 Discussion
In the present paper we investigated the question of whether supersymmetric conformal
defect solutions exist in four dimensional AdS gauged supergravity. We considered a simple
ansatz where the four dimensional geometry is given by an AdS2 × S1 factor warped over
a single coordinate with non-trivial electric and magnetic field components. For minimal
gauged supergravity without additional vector multiplets, the most general solutions of the
equations of motion are double analytic continuations of black hole solutions. We showed
that no supersymmetric solutions other than AdS4 exist if we demand the absence of a
conical defect in both the bulk and boundary metrics. If one adds vector multiplets and
uses the U(1) Fayet-Iliopoulos gauging, we showed that demanding supersymmetry sets the
scalars to be constant and the same conclusions as in the case without additional vector
multiplets are reached. It is an interesting question whether a more generalized setup allows
for supersymmetric solutions with non-singular geometry. Two generalizations which come
to mind are adding hypermultiplets and using non-abelian gaugings of isometries of the
vector and hypermultiplet scalar manifolds. We leave this question for future work.
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A Clifford Algebra Basis
A convenient basis for the d = 4 Clifford algebra is given by
γ0 = iσ2 ⊗ 1 γ1 = σ1 ⊗ 1 γ2 = σ3 ⊗ σ1 γ3 = σ3 ⊗ σ3 (A.1)
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where γ˜0 = iσ2 and γ˜1 = σ1 form a basis of the d = 2 Clifford algebra with chirality matrix
γ˜∗ = σ3. In this basis, the Killing spinors of
ds2AdS2 = L
2
(−dt2 + dη2
η2
)
(A.2)
are given by
ψ±1 =
1√
η
(
1
±1
)
ψ±2 =
1√
η
(
t+ η
±(t− η)
)
(A.3)
B Explicit Expressions
The coefficients appearing in the expansion of the integrability conditions (4.13) are given
by
A0 =
(1− y2)4 (Im(q˜IXI)2 + Re(q˜IXI)2)+ 4L2f 2 (4L2 (Im(gIXI)2 + Re(gIXI)2)− y2ρ2)
8L2 (1− y2)2 η2λ2f −
1
2η2
A2 = −iyIm(q˜IX
I)ρ
2Lη2λ2
A23 = −i(Im(q˜IX
I)Im(gIX
I) + Re(q˜IX
I)Re(gIX
I))
η2λ2
A013 =
iyRe(q˜IX
I)ρ
2Lη2λ2
B0 =
y
√
fρ
(
8L2
(
Im(gIX
I)2 + Re(gIX
I)2
)
+ ρ (− (1 + y2) ρ− y (1− y2) ρ′))
4 (1− y2)2 ηλ2
B2 =
iy2Im(q˜IX
I)ρ2
4Lηλ2
√
f
B01 =
iy(−Im(gIXI)Re(q˜IXI) + Im(q˜IXI)Re(gIXI))ρ
2ηλ2
√
f
B23 =
iy(Im(q˜IX
I)Im(gIX
I) + Re(q˜IX
I)Re(gIX
I))ρ
2ηλ2
√
f
B013 = −iy
2Re(q˜IX
I)ρ2
4Lηλ2
√
f
C0 =
−y (1− y2) ρ2√f ′ +√f (8L2 (Im(gIXI)2 + Re(gIXI)2)+ ρ (− (1 + y2) ρ− y (1− y2) ρ′))
2 (1− y2)2 ηλρ
C2 =
i
(
(1− y2) Im(q˜IXI)
√
f
′
+
√
f
(
2yIm(q˜IX
I)− (1− y2) (QyRe(q˜IXI) + Im(q˜IXI)′)))
4Lηλf
13
C3 = −
L
(
Im(gIX
I)
√
f
′
+
√
f
(
QyRe(gIX
I) + Im(gIX
I)′
))
(1− y2) ηλ
C01 =
i(−Im(gIXI)Re(q˜IXI) + Im(q˜IXI)Re(gIXI))
ηλ
√
fρ
C23 =
i(Im(q˜IX
I)Im(gIX
I) + Re(q˜IX
I)Re(gIX
I))
ηλ
√
fρ
C012 = −
L
(
Re(gIX
I)
√
f
′
+
√
f
(−Im(gIXI)Qy + Re(gIXI)′))
(1− y2) ηλ
C013 = −
i
(
(1− y2) Re(q˜IXI)
√
f
′
+
√
f
(
(1− y2) Im(q˜IXI)Qy + 2yRe(q˜IXI)− (1− y2) Re(q˜IXI)′
))
4Lηλf
D0 =
1
4L2y (1− y2) f
(
y
(
1− y2)4 (Im(q˜IXI)2 + Re(q˜IXI)2) + L2f 2(− 16L2y(Im(gIXI)2 + Re(gIXI)2)
+ 4yρ2 + 3ρρ′ − 2y2ρρ′ − y4ρρ′ + yρ′2 − 2y3ρ′2 + y5ρ′2 + y (1− y2)2 ρρ′′))
D2 =
iyρ
(
2 (1− y2) Im(q˜IXI)
√
f
′
+
√
f
(
4yIm(q˜IX
I)− (1− y2) (QyRe(q˜IXI) + Im(q˜IXI)′)))
4Lλ
√
f 3
D3 =
Lyρ
(
QyRe(gIX
I) + Im(gIX
I)′
)
(1− y2)λ
D01 =
2iy(−Im(gIXI)Re(q˜IXI) + Im(q˜IXI)Re(gIXI))
λf
D23 = −igIAIφ′
D012 = −
Lyρ
(
Im(gIX
I)Qy − Re(gIXI)′
)
(1− y2)λ
D013 = −
iyρ
(
2 (1− y2) Re(q˜IXI)
√
f
′
+
√
f
(
(1− y2) (Im(q˜IXI)Qy − Re(q˜IXI)′) + 4yRe(q˜IXI)
))
4Lλ
√
f 3
(B.4)
C AdS2×Σ2 Ansatz and the Emergence of an Additional
Isometry
A more general ansatz incorporating a two dimensional Riemann surface Σ2 is given by
ds2 = L2ρ(z, z¯)2
(−dt2 + dη2
η2
)
+ L2f(z, z¯)2 dzdz¯
A = Az(z, z¯)dz + Az¯(z, z¯)dz¯
(C.5)
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The equations δtψµ = δηψµ = 0 give the projection conditions χ
± = h±(z, z¯) |±〉y modulo a
discrete symmetry. In what follows, we have dropped the subscript k since identical equations
hold for k = 1 and k = 2 and the solution will automatically be 1/2 BPS. As before, a
component of the gauge field of the form At(η) is inconsistent with the BPS equations. The
equations δzψµ = δz¯ψµ = 0 give
∂h+
∂z
+
1
2f
∂f
∂z
h+ − i
L
Azh+ − if
(
1
2
+
i
Lf 2
(
∂Az
∂z¯
− ∂Az¯
∂z
))
h− = 0 (C.6)
∂h−
∂z
− 1
2f
∂f
∂z
h− − i
L
Azh− = 0 (C.7)
∂h¯+
∂z
− 1
2f
∂f
∂z
h¯+ +
i
L
Azh¯+ = 0 (C.8)
∂h¯−
∂z
+
1
2f
∂f
∂z
h¯− +
i
L
Azh¯− − if
(
1
2
− i
Lf 2
(
∂Az
∂z¯
− ∂Az¯
∂z
))
h¯+ = 0 (C.9)
Equations (C.7) and (C.8) can be solved immediately to yield
i
L
Az =
∂
∂z
ln
(
h−√
f
)
=
∂
∂z
ln
(√
f
h¯+
)
(C.10)
This implies we must have
h¯+h− = g¯1(z¯)f (C.11)
for some anti-holomorphic function g1(z¯). Taking the linear combination h¯+(C.6)+ h¯−(C.7)
+ h+(C.8) + h−(C.9) gives
g1(z)
∂
∂z
(|h+|2 + |h−|2) = i|h+|2|h−|2 (C.12)
where we have used (C.11) and f¯ = f . Taking the linear combination h¯+(C.6) - h¯−(C.7) +
h+(C.8) - h−(C.9) gives
∂
∂z
(|h+|2 − |h−|2) = ig1(z¯) ∂∂z ∂∂z¯ ln
( |h−|2
|h+|2
)
(C.13)
which can be immediately integrated in z. To obtain this equation, one needs to make use
of both (C.10) and (C.11). Setting u = |h+|2, v = |h−|2, and then integrating and complex
conjugating the previous equation gives
g1(z)
∂
∂z
(u+ v) = iuv
u− v + ig1(z) ∂
∂z
ln
(v
u
)
=
dg˜2(z)
dz
(C.14)
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for some holomorphic function g˜2(z). After performing the change of variables
u = eX+Y v = eX−Y (C.15)
and change of coordinates defined by g1(z) =
dz
dw
, equation (C.14) becomes
∂
∂w
(
2eX coshY
)
= ie2X
2eX sinhY − 2i∂Y
∂w
=
dg2(w)
dw
(C.16)
Reality of X and Y requires
2i
∂Y
∂w
+
dg2
dw
= −2i∂Y
∂w
+
dg2
dw
(C.17)
which is solved by
Y =
i
2
(g2(w)− g2(w)) + y˜(w − w) (C.18)
Solving for eX using the second line of (C.16) and substituting into the first gives
0 =
(
∂y˜
∂w
)2
+ i
dg2
dw
∂y˜
∂w
− sinh (i(g2 − g2) + 2y˜)
∂2y˜
∂w2
(C.19)
Forming the combination (C.19) - (C.19) gives
i
(
dg2
dw
− dg2
dw
)
∂y˜
∂w
= 0 (C.20)
This equation is solved by g2(w) = aw + b with a ∈ R. The case ∂y˜∂w = 0 corresponds to the
field strength vanishing identically. Thus, all the fields are only a function of w − w¯ ∝ y.
The Riemann ansatz simplifies to
ds2 = L2ρ(y)2
(−dt2 + dη2
η2
)
+ L2f(y)2 (dφ2 + dy2)
A = A(y)dφ
(C.21)
This ansatz is simple enough to use the Einstein-Maxwell equations directly. The φ compo-
nent is the only non-trivial component of Maxwell’s equation and is solved by
f(y) = c1ρ(y)
2dA
dy
(C.22)
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Next, the difference of the φφ and y y components of Einstein’s field equation is solved by
dA
dy
= c2
2ρ′(y)
ρ(y)2
(C.23)
Thus, we only have 1 unknown function ρ(y) and solving the BPS equations will recover
the previous magnetic defect solution. Starting from an ansatz of AdS2 warped over a
Riemann surface Σ2, we see that supersymmetry forces the existence of a U(1) isometry
S1. In summary, we showed that a more general ansatz of an AdS2 factor warped over a
Riemann surface reduces to AdS2 × S1 warped over a one dimensional interval.
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